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Byeong-Kook Son and Meesook Park, 2015, Petroleum system analysis of West Korea Bay Basin, North
Korea. Journal of the Geological Society of Korea. v. 51, no. 5, p. 433-449

ABSTRACT: It has been known to discover the amount of hydrocarbon in the West Korea Bay Basin, offshore
western North Korea. The hydrocarbon occurrence in the basin, however, tends to be assumed due to lack of
information on hydrocarbon exploration. As a conceivable understanding on the generation, migration and
accumulation of hydrocarbon, the petroleum system was analyzed using numerical modeling on the basis of the
drilling information as well as regional stratigraphy and sedimentary geology in the basin. The West Korea Bay
Basin is characterized by a rift basin filled with thick Mesozoic and Cenozoic strata that unconformably overlie
the Paleozoic carbonates and the Precambrian metamorphic basements. Petroleum system modeling shows that
hydrocarbons generated from the Upper Jurassic source rocks expel and migrate into the juxtaposed sandy beds
within the Upper Jurassic strata as well as into the underlying Cambrian carbonates. The petroleum system of the
basin is presumable based on drilling information as well as the numerical modeling. The major source shale is
the Upper Jurassic shaly strata that was deposited in the deep lacustrine environment. A long period of hiatus during
the late Cretaceous to Paleocene, however, prevents a constant burial of the source rock, and thereby delays the
expulsion of hydrocarbon from the source rock. Regional seal seems to be absent in the basin, therefore, the
hydrocarbon would be accumulated within the subtle stratigraphic traps that formed due to facies variations.
Because of the limited information on geology in the basin, the petroleum system analysis in the study needs to
modify in some details and should be extended for more sophisticated understanding in the future.
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(Byeong-Kook Son and Meesook Park, Petroleum and Marine Research Division, Korea Institute of Geoscience
and Mineral Resources, Daejeon 34132, Republic of Korea)
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=L = oA Y iR 4 |
FC o] oA g} L uete] Faf g8 olx=
A e A7t E o] YA Sk
Row, 2L AR 7hA0] WHS 9fste] AL
2 A0S A3 231 QIeh(Lee ef al., 2004, 2011;
Lee and Son, 2007; Son and Park, 2013). &-3fl2} A
3 thEFolAE EFARL A2 0] 3=
Oup A 7hA ) A o= A st gich(Lee et al.,
2006; Park et al., 2010; Kim and Son, 2013). AJ-5-3¢
AL gelie dajeh el s o g Hajet
o] Washy Fuatel s 25 5
o] Aok 27150 o} Fafol Hlste] TAILE]
s} gy,

SHH, B3to] AfEatet Aidol diside &
2 vp7E WA] gk, U B3 1960 A o] % 4]
Frdol TAlS 2 ST e olA B &
AR} A2 sl gieh t ofEt X=
3] Aqtro| A A-fAYAke] o] FoiZ] A o2 Ue|
I Jck(Killops et al., 1991; Massoud et al., 1991;
Choi, 1999; Cai, 2005; JOGMEC, 2006; Dai, 2011).
53], 19979 & A NA 7HHE 53 A5 A
H 3] of| A= Aghatat F2 ALY A Hof| 50-430%] Y
g 29| AfARdo] EAE 7 o] Jlrkar W3
7] %= Frk(Choi, 1999).

A7 G il o5, BitoA= ARt
T A Ho] 7 W2 o) AfAtde] EAE Ao
AR 3L Qlom, AAZ A7t X Ho| A AF71A]
137 AlF=go] AFE o AL HE AFFollA F
Ao] A i tH(Massoud ef al., 1991, 1993; Choi,
1999; Dai, 2011). ¢34 o] ZA3tch= A& A3Ht x|
o2 Mol % G 7 olite] HfAlatlo] AT
A& A8t Magoon and Dow, 1994).

AgA2TL 48 2ok 492 PHA)
7] 919 Mg s 24 sl ARE A
7} ol &5t JAEZ|7HA 9] A e Al-F7HE
%1 FYollA A28z g o) 7] wiizell A3t &3]
O] 55 A2 oldfist7] YsiA= AFAILE &

Ho| Wasich B3 AgALUS s 24
Sha AAE 02 A8t She AP B2 e A
A28 228 AXEH= 3ot Welte and
Yalcin, 1987; Wygrala, 1988; Welte et al., 1996).
oFx7HA] A ABAto] s M 24
SR @A AR o] 1 At 2] o9
HgA2RE Pl AE 2 o7} glek. WA
o|H =FoAe gt B2 tigte] A
Ad A Ag 2" s 285t o] A

of A S B4 Bax gk
2 A2 U ol

HeAsd B4 9 mdue Sash] deis
A7A o] Tk t4e] A9 Pl 2t
(Wygrala, 1988; Poelchau et al., 1997; Yahi et al.,
2001; Lee and Son, 2007; Kim and Son, 2013; Son
and Park, 2013). Z12{u} E3te] M[ghAL & 7t
of et HRE Yt AL ths] o H} w=t
A A WA mEAe, eel A4, 12T ok
o] BAHE staxtaR R Bate] A9 A%
HA31Y th(Massoud ef al., 1991, 1993; Cai, 2005;
JOGMEC, 2006; Dai, 2011). T3}, 2 to]| A &7k
B AEe e 2329 @ ATk o) 4qeh
ARE SPSHon, ARARE AR 2RARE
Bl st} FLUsHA £A8Hth(Massoud et al.,
1991, 1993; Choi, 1999; Stewart, 1999; Dai, 2011).
3HH, A= AlZS gHsl7] ste] -9
ALA Y EYAE &&3tth 2 t) shej ks o]
H AFLE AelA SES ARV ARE = S
o o P E AmTro] ARSE T 2L A
hat 2] AR A" 0] URbA Q] RS £4I51]
o= At ArEol ATt

Atz AASHA AfALE e TdoA] EAE
Aok & AsE TLHC2RE A7 JHo 2
Q3 AFAT DAY, 223 ZLYS AsA7|=
o] 293t 515 (overburden rock) 8] A Z QA5
gelstal, A-R9 A4, v, ol B Al-F
Aoz ZA5HATE o fste] AFAIA"E 7t
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A fha 0.2 BAST 7HH 0% Bl 7
Fo 2UY WS ST BLRL skl
]2 Platte River AssociatesA2] BasinMod® 4
ZEFolE A5tk

AFAIAE 1-D B BES ARSSto], 0]§ 7t
e AETt Wol FEE AlFFol| gt ujEARRL
A GARE ALkt A Bol S 93] HIEF
LO|E HRALE Hlo|E & ARSI e n, AT EAL
£ nEste] AR GRF A2 YT o =N A=
= 2dS SRl o] & v e R T AFF A
Holl EAste TLLNAY AT 2 vl
= AZA | w2t ALtstct BAE W 1718
25E g3yt A s B ALtE s
2} ¥kg-& = md(kinetics model)& &-8-5}o] A4
3} th(Ungerer, 1990; Welte et al., 1996).

AgA28 2D mdolE AN B2t
QofLhe Breido) 414, ol 5, [AS 234 Tl
“gol AVdstel 7HAIEsH T Ungerer, 1990; Waples,
1994). o] 83 4 Qli= whelo] B 7] tEo] &
CREET L REREERER SR
2] Ul 23y, A AN ehelao] AT} ek
Bp vt Aol WAt A2, Bekeart 14
917 5 RUYslsich. Bl olERUL 2
g RS aEste] AR dE AdS o
FrAloll 283t thAl 9] B 2] (Darcy’s law)E AHE-5F
SAth(Ungerer ef al., 1990; Welte et al., 1996).

w
X
rok

B R|ofo] MR Al

REAR 5745 A2 5¢ BAjs) B, Bake
A A g et B4} e Aot A4
Aol Skt 770 X 9& ARG THChoi, 1999;
JOGMEC, 2006). &, 53 YAt gatch, M3 F=
Qe FANE 5ol A4, BedE £du o
% 9 Bop 27t SEE fY|olch s of
T AUE {22 AR S 799 =
THLEE sk T BRI A3l s e At &
AJoJeH (2™ 1). b= A2 ATt EX]o A= Al
Fof| oJsto] fAo] ERIFPCH, ¢ BA= 9
QASOIA 2L AR BA]= $7] Wepr] EA
Z(Upper Cretaceous strata)of| A AdaFe] -5
£ A35IH i Massoud et al., 1991, 1993; Choi, 1999;

Stewart, 1999; JOGMEC, 2006).

Heff FFAF L B3t H ol o] HeblihS Apgst
= EFEbE O] Q= 3tolt) 19649 o] ©HA L] =
AL g ol A HF o g2 A o] FRlEe] Hit
NME HFEE7FAE A2 T4 A4 A
o2 A gtk 21800t HE o|n]| ¢FER]
HWoll= vEellAl 7180 §E5L ©] 715 F1
So] 314 0 2 AT SHHJOGMEC, 2006).
AAZR FAAGEL AR HEE 859 42
o gt F-Ho 7|8o] EAdt= Je 18T
o, o]e} T2 ¥ B3t A F e A5 S
RA o2 A AJghthal & = Qitt.

o|F Fohd =3t 3 A7 9] )Y st B
ALt ARG S 85kl o, S Bato|qh &
Ao A 2 2] §-7H o] HAF | whet vl 2| -
2L 7M1 Qe A BEX M= 45dHS
Z1HeHA =St 1970d i 7kA] =, &9, &
2o} 5 FAHE =7he] =S whol EARYS
S+ & B3He 1980 i el = AR ET} 7|4
< 47 Yot At A{3A7E FAE 4= e
E /s a, ATEAET SR RARet AR
< 35 FYste] AR Mgt A Gof| 1374 &
< AFBEoH RO AF2Fol| A A o] gl
=] 9lc}(Stewart, 1999; AMINEX, 2005; JOGMEC,
2006). 53], A AEE $=345t A} 77| et
ARFEollA DAL 4508 E o] H57t FE7| = &)
ATHChoi, 1999). o] 5ol = th=9] AE3AHE0] F
TE g5t BAHE S 35t ot A1l
Olf 502 F4=5}al, o] T At AR N T4t
Blof A= Ao 2 defx|aL YItHJOGMEC, 2006).

4. Metat 2X19| X

oo ERAIHQ S 53 Abo]9] s
drehe] o] 9J= Agheh Ex](West Korea Bay Basin)
= 3 Solx+= 5325 A (North Yellow Sea
Basin) 2 &2|31 3lon, £X] 9] 54| Ho| &3t 3
o SFETHLH 1). $=4] 75 m 0]|3}9] thFE0]
TEE o] e AR EA= SR AFE &
F ALt daE Utk A EA= 1A E
2t A7y olr] o M-S 7RI = sh,
SANST AR Sol FAA HA = U= E
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B (rift basin)olch. 2T Y 12
FA1E= 7,000 - 10,000 mo &8tcH(Choi, 1999). &
A §7150] SIS BHE 48 (sag) 2 Lol
o, o] F 5 2EA7E 5G| sigE o] o]
ofl A B2 A Elo] QlehaE 1),

At BA= S Sl £E3h= UiE W €74
EZ(intracratonic rift basin)} FARE A4S A
A FE A2 FAHY, AL E 7=
3= G/ E A (cratonic rift basin) 9] g FEo|t}
5, T 5 AT ddiof s | AE
2lo7|e} mAT|e] B E (platform) S WEE]
Ao 2 Qe Qg o] WAgstar GrfE ], AT
of el 35-1A] Hate] §HEXI 70 (graben) 7} 3
A=t dEAZo] gR o] A= 543 A
738 ElaL o] 3ol FAL FA et A8 EH
Eo| ZolA =9t} Agigt BAE x§sl= H3t

o Aajxoe A ol dRe ofe] Ao} Hxzt

- sto|%

go] glglon] $ARALES] Aol o|F, F]
Zayce} A7 Ao A7ko] dojubmA Aol
Fu2 2227 G9iek. 2, 974 ol Mol Alydie
AITe] BhAbe QHAo] SAIEH ZUE (platform)
olg® AT XL, 272 BE osto] 57
zele 27) weby] Eot, BAjo] YEAA el
BEAAR ML F-A WG B Bl Yo
Zo] @A 270 (graben) o] AR}
gelA) Hol A HAYEo] N=EYt ol
BEEL 1A37] o exel &2l 1Al Elto] A
stE)o] Mgkat Bx)o] A HAYE FejE 37
A3kA| k. o2k o] Mgkt 2= 2ukA| o] 9%
2o 2J3t BEAle] olsto] iAo, A3
7] S3loli= A7l olsto] Aalol Aol 27}
stk ole} 7ol QlgE T AR} 5L AXE 3
whAl o) BB AT Bk AghEt B2l 10 kmo]

o|2= FAE AL A HH S0l THE

Yantai

370 =

Anju Basin
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I
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Fig. 1. Study area including the well and seismic line for petroleum system modeling.
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E A= i E 2t5A) = Ach(Li et al., 2012).
At B2 = 24 34% Feg dSel s
A= o | FFEFSE UFA EHo &F
A A9 §7)A o] EAFITHLH 1). T3l 9
sto] FAIE A £X]9) A= A3, =20t
O|EQ} Zh2 BHAMS W HWY, A LR o] F
o1z YA T7] WA= 2 A7|(HERRER
H|A7]) 9] RS- 7|WHF e 2 o, 1 9o £7] 77
2}7]19] E]&Z(Upper Jurassic strata)o] FA3H2]
o= 2=l Yk 2). $7] Febrlol HH

o] AHR Fa}7]15(Upper Jurassic strata), SHi=

MeAlAY 24 437

24 ol 2ekzo] SAaH, FRE ARE YR of
4 Asohzo] SAISHD, A ThA) 4 o] kgt
Fo| LABIHAY 2). AAHo= Feb] BHE
& Zajo)gto] SAIE}] uho] T o]gE o
2 593 o Azt EX19 F A5Iddo]
t}. o] ZA o AN HZA EH A EAHEHSIA
o, FAl= FAE 2ol A 3,500 me| o] 2t}

%7] 217 El&S(Upper Jurassic strata)2] $]o]]
EATH o2 A7| wWet7) 9] B2 Z{Lower Cretaceous
strata)o] o] Sict. o] welr|2o] SRt 518
£ RS mi ogh AL, oke] B3o] uheta)

Age Lithology Thickness | Oil show Environment
©
=
& | Pleistocene Fine sand, Mud 30~80m
5
Fluvial
% Pliocene Sandstone, Conglomerate, Shale 450m
o (@]
ol 2 )
N g Miocene ] Sandstone, Conglomerate(brown coal) [ 200~300m
£ ¥ AAA~A~A~~~A<Unconformity>
O o |Upp.f=~==~=—=] Sandstone, Conglomerate, Shale(coal) Fluvial
= o =5
& -
R Alternation of Sandstone )
o 3 = 3
% S Mid. = Conglomerate, Silt, and Shale ~3,000m Lacustrine
2 = . Alternation of purple Shale, Silt, Swamp
; o LOW"U;G = and Conglomerate .
= ;
o o 794 °.°|Purple calcareous mudstone, sandstone, Lacustrine
Eocene |7 2,0 ny pebble-bearing sandstone ~750m (] Fluvial
- A< Unconformity>
Upp . F=ar==i* == Purple calcareous mudstone, sandstone,
» PP . iyt .
35 Eab HPule PP pebble-bearing sandstone )
o ‘ = Lacustrine
3 i green calcareous mudstone, _
Ze Mid. black shale 3,000m Fluvial
-
o o o5 purple— gray sandstone,
S Low e, conglomerate ([
@
o Upp. Black shale
= o
Eg : ) Lacustrine
Q Mid. E Gray sandstone, Muddy limestone
Q® )
== ~3.,500m (deep lake)
o ]
Low. Black shale
© )
g Carboniferous~ == Limestone, Dolomite,
@ Ordovician Slate, Sandstone
©
o
5,000m=
. Limestone, Dolomite,
Precambrian Slate, Sandstone

Fig. 2. Stratigraphy of the West Korea Bay Basin.
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= 919 FA914 3,000 mofl SRz 2 9l 3%
of ML T olgl-ALEeAlek B3, R0 A}
QFAEQk-ojer 5T, A3e] Abd slehol k(e
B3 heolx|u, Ayt om A9z 2
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o
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2
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51 Al&3 1-D ZEE
1-D A8 ZAP2 AR o] 82 = e A

IY 60632 317] #et7] o] ALrSollAl
A AF7FAAEE AlFFolar, AR £A5
Sk AlFFo|BR AgHE £X] 9] AfAA"ES o
sst7]ols A7t AlFEoltt. 53, 60652 7|E
o] EHC=RE 1-D AFAI L E42 A |5}
g Y A7 9| F&0| 78 AlFF-olthMassoud
et al,, 1991). 606E-2] FAEL= 3,091 mo|o, 37|
2}7]9] El-H AR F2H71S(Upper Jurassic stra-
ta)7HA] JESIATE AFES T BE-E
WA DA HH, 60632 FAE A5 5t
5oet7|S, A AR FE]S Y] AR B
SRl QT2 3). A5 78 ARollA yUeht

: Fe 72 4340 34 of

r of

o

£ %7 #a7]9] €4

2 Q7= 3 Qi Aoz FAE o] Jlom Ak, AESY Fo| HAH
A B2 Z49] 9 uto]eA), Sgto] o Qloh o] AR FE|SE AR BAY 28 2
oA 9 Zalo| ABRA| R Zo0] EAT TA 2 B Aoz A4 ET gtk (Massoud et al., 1991; Wu
Well-606
0‘100 2|00 390 4(?0 50(|) (SP)
-0
SSw PIiocene}Miocene Lt
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L_/ £=
2 g
$ F2 &
3
-4
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Fig. 3. SSW-NNE cross-section including the well 606 (modified from Massoud et al., 1991).
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Table 1. Stratigraphic parameters for the 1-D modeling of well 606.
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Formation
unit

Begin age Top depth Eroded thickness
(Ma)

(m) (m) Lithology

Petroleum
system event

Pliocene

5.3

0 Ss 80%, Sh 20%

Miocene

23

100 Ss 100%

Paleocene

65.5

600 Ss 40%, St 30%, Sh 30%

Erosion-2

97.5

-600

Sh 70%, St 25%, Ss 5%

Seal

Lower Cretaceous

130

2100 Ss 60%, Sh 40%

Reservoir

Erosion-1

145

-250

Upper Jurassic

160

2345

Ss 5%, St 5%, Sh 90%

Source

* Sh: Shale, St: Siltstone, Ss: Sandstone.

et al,, 2008). S} Mok} 32 SAAL} Wby Affol
$AI91 F2 HA1L w3 glck. o] 1] web)e]
ALY 2T AFAS2E AL ot 6065
oM F7] web]e] E|HFL ZAfekA) epou] 5
He}7)5 ol A S0l EZ = ol JATHLH 3).
2UYS Sia viehles ARE Brozsy
gt dElF oz &5t AFsH £-00A
AL AAEA G2 = THOERE A4S
FE3t FAE AR ST A3 606
o 1D BUYE fidt £8 FA FelEo] U
A3e # 13 2o} 7 29| H5o] A2 A7)
Zze) 2ae) AES sigon A% FilS
I} s wfe7)50] 7] o] AFEbE A= Y=st
ok P2 oA AAE A=t ATt 24
of gk el 34 B G4 HEZEE Al ol A
Egrel Bx A4S Tefslel T S Aelet
=N Zk AF2 B ALte] 7FssHA st
S W et7]&(Lower Cretaceous strata)2 4]-5-7}
WA AREOIT, H4E AT 2GS SR
Ho7]3-9] shelof] EAT AL2 fESEHER 54
ogto] AR AR 7o) (Upper Jurassic strata)
S {8 Z2YYgez sk lth(Massoud et al.,
1991). webA] 2 1D BEZNE AR Fetr] %
& ZUgEoR ARelick A FelrlEe TOC
e ) 2.5%0]2H(Massoud et al., 1993). wj=h
A 2S935 27]TOC (initial TOC)3HE2 3%
£ QJesiol ARSI, Sol AR A4RE >
2Z]4x(hydrogen index)@tT Tnadls SC2 3}
= 2ol EAJS}E 2 Be) 9] AaH A of
b Z=AETH Y 4). Gl (rifting)of] 2% A3

Well - 606
I

810
675
540
405

270 e

Hydrogen Index (mg HC/g TOC)
[ ]

135 s i -

380 420 460 500
Tmax ( OC )

Fig. 4. Rock-Eval pyrolysis data plotted on Hydrogen
Index vs. Tmax diagram. Pyrolysis data are collected
from Massoud et al., 1993.

ol A, B 2719 T5EHE| FHA B0l
Al =1L old) EAE A thFe = ER E= vy
2 27 (algae)= A=A B} 12 XSPHA H= Ao
2 dHA Jri(Waples, 1985; Peters et al., 2005).
3, 34 FHE = B (plant debris) 9] 54 0]
gitste, o] 52 vjEE oA Bl Il AZAe=Z
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Azt by AEAY HHBAS 1
27] AZAL B To] SABHEE Holn] AR
Q9] §U= AAE AolTh. oleh Ze e 7

M2

T
+ Measured value
—— Simulation
+*
1000 .
E
= .
a
[0)
B +*
2000+
-I-\'
] *
+
3000
0.2 0.5 1.0 20

Vitrinite Reflectance (%R,)

Fig. 5. Maturity model calculated from the calibration
with measured %R, values.

120

o
o
1

Heat Flow (mW/m?)
(o]
o
1

60

T T
100 50 0
Age (my)

250 2(;0 1 I50
Fig. 6. Heat flow history model derived from the opti-

mization with maturity model of well 606.

- sto|%

shod, A4A147 RUE $isto] el 7} ekl I
7822 SR AZAL Aesiel FEA A
& Sagelsick

HEE BUPL 2ol BALE RZHE
Sweeney and Burnham (1990)2] Easy %R, ¢aLe]
T ANEst] AXtet . AN 2 A87] ¢
sto] A5 Rogholl 22 o2 AR|A17]7] 9j3) Az
Bijo|d Ig< sSIATHLH 5). vIEEUo|E
HIALE k2 B ER|Uo| ES 238 Qe A5l
W2 Ao LES XS] 2ol AsEE F
St b 2L ATERH ALLE T glehWaples,
1985; Welte et al., 1996). H|EZ|U0]|E 4= mdld
o eE Alklelr| Yelirl= LA EFHpaleo-heat
flow)& Y gsfloF Frh(Ungerer et al., 1990; Waples
et al., 1992; Welte et al., 1996). TABFFF Zh2 Al
Sekte] HA s 2 o)) T oflA AEAIRE
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Fig. 7. Burial and thermal history model with hydrocarbons generation through geologic time.
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Table 2. Key input parameters for 2D modeling.

J

T
=
H

Formation Begin Age Lithology Petroleum
unit (Ma) (%) system event
Floor 0
Neogene (L) 23 Ss 80%, Sh 20%
U.Oligocene (K) 265 Ss 60%, Sh 40%
M.Oligocene ) 30 Ss 40%, St 30%, Sh 30%
L.Oligocene ) 34 Ss 50%, St 20%, Sh 30%

Eocene H) 130 Ss 30%, Sh 70% Seal
Low.Cre_Upp G 135 Ss 40%, St 10%, Sh 50% Reservoir
Low.Cre_Mid ) 140 Ss 10%, St5%, Sh 7%, Lm 15%

Low.Cre_Low (E) 145.5 Ss 100% Reservoir
Upp.Jurassic Upp (D) 150 Sh 100% Source
Upp.Jurassic Mid  (C) 155 Ss 40%, Sh 40%, Lm 20% Reservoir
Upp.Jurassic Low (B) 250 Ss 10%, Sh 90% Source

Paleozoic (A) Ss 20%, St 10%, Sh 10%, Lm 30%, Dm 30%

* Sh: Shale, St: Siltstone, Ss: Sandstone, Lm: Limestone, Dm: Dolomite

-5 e Ave C8 A A
Hof| tfste] 2-D 2EFS AASIHCHY 1). &
g} S-S A3t 229 {7l i Fd A
W3|ALo] &fsto] S E|Qlom, = Y| Al FE i} 5
<= J2jsto] ARt BR)9] BE EAFo] 2 R
Ha gte|do 2 AAE o] QltHStewart, 1999). T
gt S A Y F& WEko]7] wjize] Aol 9
e o= A5t (graben) FE= & HojFal Qlth(
g 8). wEhA] A7t £1]9] 2-D A {A|AE 2d
= Y5t Ao AT o] 5= WESHAL o5t
7)oll= A7t dolth

2-D 2dox= A 7 AFH F2FHE
Tt ST 7|2 v e 2 stof Qs e
o, F8A Y= AR F724715(Upper Jurassic
strata) @} s} ¥iet7| S (Lower Cretaceous strata)
< S aEste] AR, S, s 3l S
o2 AEsistel YesiArhE 2 19 §). 2D B
WS SfaHE EH2 o] 24 2t oz, A)
ZF5-A(chrono-stratigraphy) = Zjg o2 3|
ORIt A|50] Al F7 WS ARt 4= Itk Welte et al.,
1996; Lee and Son, 2007; Hantschel and Kauerrauf,
2009; Kim and Son, 2013; Son and Park, 2013). w2}
A EFoA A AT 22 0] gt SARE ZF
a8t A|ZHEAE TG o2 ASHATHLE 8).

B ARE 913 2 HEFO) L A, AE
o MY, B FARFE BUHel e
ATHE 2). A GFFL (0639 4= DL A7
B0l AE B3 £ T AR BDLS A5
ArHIY 6). BT TAAF F] TR 2
7] TOC(initial TOC)ZE2 3% 2 ¢&3}g.0n 1-D
Yt o] A=A e 13 7k ST 7149
2 ¥4 gk Abg Sl mRsIsT,

13 89 AFEA U THOIA 2 5 Qi vk
2o, AR BAE FAY ool /79l st
olot)eh e Etoli B dolub ik
E3, Wopy] $7)9 e LAY AYIF Sl
o] dolutx) stk 5, AT BAE A
EAEHEN ERE EMEEEEERREE
HHFE TP B9 AL F HolFW gtk
2= ngYo] o5 FHY HAZEL wE A4
o] 753 100C Y LEo] ERsg s Kol
F3 gle. e, A4 HA3ES Qo] e
A% A gk 4345 0] 7R L] S,

2D H§ALY REY Auks A6 39t 1
% 90, 7129 A9 17 109 E3w BLZH ©
Atk moE mee A|AAo] kel ket =)
ol T 459 7h0e) oFS AN M,
H.59) Ak o5 A7) elZ0] /s teHWelte et al,




1996; Hantschel and Kauerrauf, 2009). WA A-5-2]
495 1R, vZo] Aaulo] TAAE AR F

71%(Upper Jurassic)©] A= 2F 1,000 mo]| =&
Q1 150 Ma g o] A 72t7]5(Upper Jurassic) 2|
SRR3R} A 9A0] A2tk oF 145 Mattel
& 72715 (Upper Jurassic) 9] AHF-Soll A= A
Aol AIREEE(TR”I), e 27]= AERTF
o] W #%= ol Bz gFE A=Y= 4784
A =EEIHE AR KRl uiEo] Al XY
Fo] ¢F 100 Maolli= £2]19] 55 7FgAte o= A4+
F+2171%(Upper Jurassic strata) 2] 31504 A4
QR A g7t FRE AASOR olFake A

x| MRAIAL 2 143

o] TAETHIY 9). 100 Ma7}tA] mfE-g =451
2 HHSE2 271 He7] 52100 Ma o] F)ol=
7153 Atk mheba o] 77t Fetolls AR
F2}715(Upper Jurassic) WolA 348442 A
SHA Eok. 22y A o Fofl= ThA mliEo] A%
Ho] oF 265 Maoll= w419 g% 7FAEolME A&
B F2713(Upper Jurassic strata)2] H5-3ojl A A
A A7 HR{7E SRS AHEASO R o Fthe
Ao] WHHETHIH 9). A o|F mijZo] A&
I AR-0] Aol A& E o] EAof o] Aoz 4
Hok BdolA A2 B} o5 2] 4R
F2171%(Upper Jurassic) WollAqt dojuta, of2

£ 21
=
(=]
[0
(m]
3
4

- Neogene
- U. Oligocene
- M.Oligocene
- L.Oligocene

- Eocene

- Low.Cre_upp
- Low.Cre_mid
- Low.Cre_low
- Upp. Jur_upp
- Upp.Jur_mid
- Upp.Jur_low
- Paleozoic

>WOUMTMOI—«Xr

Age (my)

0 10

Fig. 8. 2-D input of cross section with depth and age.

20 30 33

X Distance (km)



H:
o

444

k>

E|HF o2 0] o] 52 TAEA] F=rH1H 9).

PR Hlgt 217191 oF 150 Ma®e] 4=l
elgro] 2}E)7] Ajkaet. 145 Makel = B4
22 hgAkelol M A Fekr] % (Upper Jurassic
strata)©] SFEZol 4 AAE AR 7k2A7E 23] 7
AFE wet shgle] purtEel A AjsleEo 2
o1 5te] YA Ao] BEELHLY 10). 100 Ma
714 B go] RERA T HsigrEozel b
20158 Adsied Bkt ol lelr] $7] 5
ke vhgo] HAH 1 HAFo] §712h Aug A
she T 7tazsEE Jd2 A" a3y,
AT S0l A w0l ALEHEA AP A2
7HERYL Al AlRHE I A E Thae A
A2 7esa A+ 2715 (Upper Jurassic
strata) 9] FHUY ALAFOR o] FRTHIH
10). o]e} Zro] 7hAzshe B oM = AU
A A3E 7h7t B9 7RG 0. = o) Fshe A
o] & yeht= Aol EAolt

Aot 7k 2ot mEly Ay, A%
AR FEF7]15(Upper Jurassic strata)2] A5
A AR M5 7 AR1) AP B
o}7]%5(Lower Cretaceous strata) 2.2 o]5E+&= 7
o] UrepA] ght). o] 2e 2eE0] M| et
77 w23 o} §7]Ejo] A4 o] o] of
A vl IRt ent, WA 79 3,000 m 74|
wlE o] F8e QoA e ke AnkeH
HlEE T SRe ko) Agt hark AAEA
gkon, naby webr) 2o 2o WEE Yofi]
e Aoz sjAHrt

9l

o ol

= =

il

At B)e] BB PAEAE 19
o) A 29 AV e 2dEe Feb)
S7)o EHH AR F2t7]15(Upper Jurassic stra-
@)2) RS oJ4le] o7} giek. 5, BAre 2],
3ol 8l 231 22 FAE0] FHE AR A
o2 A&EAQ] 7ol s T7E FAEL, o
710 f7180] TR AT A Feprlgol §
AE Ao 2 sdHri(Massoud et al., 1991; Choi,
1999). A& 72715 W f71E52 EEwA

d
K

- sto|%

ERQ] o] S-AI5H ARAS FAA5HAS ZlolH, o] Al
2L o EAE} 57} Z7heo] wet 440} 7k
28 A B, 2eloke] 0] B ofe) 1%
O ZFA7F A AAA =W (o] 2H 02 20%) LAt
S 2RE HiEE o FHO FE0] & HHFLE
o] 53l 212 A o|ch(Okui and Waple, 1993; Welte
et al., 1996; Okui et al., 1998).

606359 1-D ZHofA|, AR Fe}7] TLUFTS
AR Eele A5} hag Agea
Aot ZAYGoA viE =7 ol T3 el ARt 7t
27 E A= kT ol AR 2 e A4
1 o zo] Yofutx] eigkom A7I7be] 7] 9 At
ol Sfs) 2UUZA AR 15N A7k 4
do] A&EHA| 7] Hzolth (2™ 7). 12y
6063-2] A BT} 2 Aol EAjeh A
TS GRE SET Y AFE AL wiE
A7 4 e Lol ESSAE AL B,

b ut chd ol Tt 2-D el Fof| A, uj o] W3
E)uA el AR Fabr]2(Upper Jurassic
strata) ol 4 489} 7129 A (E k) 0] 27}
A2 8 4 rHa 9, 10). T2 T2 HHF
©29] 41$9} k0] o5& 7 ol g
ook, AR F21715(Upper Jurassic strata) ZFA| W
oG %  FFBo| FAHIAFOR olFIHE A
o] HAFIL]E &, A F217|3(Upper Jurassic strata)
9] SHEZ| A AR FEk7|S(Upper Jurassic strata)
o] FREOR oL Zo| RuH) ET 4
B F87]%(Upper Jurassic strata)] dHZofA]
AR 7t stsle] Aslel o R o) F
SR A Eolspl BRE. oA AR ]
Z(Upper Jurassic strata) o] &&3] uj&Eo] =™ 4
G} 7hre] wjo] Lol Fule] FIHo| &
2 EFZ o2 o]Fd ¢ Stk AL F Holn
ot 23y AR F21715(Upper Jurassic strata)
o HEL H50) ARL Yot MEe] RUe
ol AAEA] =t} ol AR TS AR
58 328) ) ol wige] dold wael B
ol 49} 7z AAIEIA] 2198 elltel.
olef e M§Aly B A3, B 2D
DA oA = A 72718 (Upper Jurassic stra-
ta)9] SPRZAA] w2 Sekrast A Fel
(Upper Jurassic strata)2] $H-Z02 o5 Bt

¢}
r

flo

ol



S5 Ao 2Rl9) HRAILY 2 445

«Q

Oil saturation model
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Fig. 9. 2-D petroleum system model (oil saturation).
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Gas saturation model
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